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We study the chemical freeze-out dynamics of strange particles (K, Λ, Σ) from a homogeneous
and isotropically expanding hadronic system of pi,K, ρ,N,Λ and Σ with zero net baryon density.
We use the momentum integrated Boltzmann equation and study their evolution over the bulk
hadronic matter, a condition being similar to the one created at top RHIC and LHC energies. The
cross-sections, which are input to the equations, are taken either from phenomenological models
or parameterized by comparing against experimental data. From this microscopic calculation we
find that these strange particles freeze-out near transition temperature ≈ Tc due to large relaxation
time. The continuous cease of the inelastic processes due to gradual fall in the temperature and
decrease in the number density, thus lead to early freeze out of strange hadrons K,Λ and Σ which
happens sequentially near Tc. However, freeze-out of these strange species near Tc appears as a
sudden and simultaneous process, which is mostly predicted by thermal model while explaining the
yield of identified particles at RHIC and LHC energies.
I. INTRODUCTION
Experimental observation and theoretical analysis sug-
gest that quark gluon plasma(QGP)-one of the colored
phases of quantum chromodynamics(QCD) is formed in
relativistic heavy ion collisions at top RHIC and LHC en-
ergies [1–8]. The temperature and density of QGP is much
higher compared to the normal nuclear matter. Once QGP
is produced it undergoes a transition to hadronic matter-a
color less QCD phase, when the temperature of the system
cools down to Tc due to expansion. The system of inter-
acting hadrons undergoes further expansion which leads to
the decoupling of various hadronic species along with the
decrease of temperature. In such expanding system the
decoupling is decided by the scattering rate of interacting
species and expansion rate of the system. At the decou-
pling or freeze out, the particles stop interacting chemi-
cally or kinetically.
It has been a long standing issue to analyse with
rigor whether all hadron species decouple at the same
time/temperature in an expanding system or they do grad-
ually at different times/temperatures. It is intuitive that
different particle species decouple from the medium at dif-
ferent temperatures as their masses and interaction cross-
sections are different. But sometimes the system dynamics
is so interesting that the scattering rates of particles and
expansion rate of the system compel us to infer that par-
ticles follow a common or simultaneous freeze out. Hence,
it is of worth to study the freeze out behaviour of various
species in different systems; more specifically in systems
produced at RHIC and LHC energies, as this study would
help in summarizing the properties of QCD matter and
mapping some portion of QCD phase diagram.
The scenario where different particle species decouple
gradually at different temperatures or times is refered as
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sequential freeze-out. On the other hand, when they de-
couple at same time or temperature, the scenario is termed
as simultaneous or common freeze out. Both sequential
and common freeze outs are realised in relativistic heavy
ion collisions in both cases of chemical and kinetic decou-
plings.
In case of chemical freeze-out, the inelastic scatterings
between different hadron species stop, where as, in case of
kinetic freeze-out, the elastic scatterings cease following a
free stream motion towards the detector. Exact informa-
tions of both chemical and kinetic freeze outs are impor-
tant as hydrodynamic calculations, which are successful
in describing the hot and dense fluid produced at RHIC
and LHC, need these inputs. Most of the calculations[9–
16] of different observable such as net yield of identified
hadron species, electromagnetic spectra, flow of the differ-
ent species etc. which provide important thermodynamic
information of the produced system, assume simultaneous
and sudden freeze-out scenario of these hadron species.
Cooper-Frye formula is employed with assumption of “sud-
den freeze-out“ which considers the mean free path of the
hadron species becomes infinite suddenly through a thin
freeze-out hyper surface.
Most importantly, the chemical freeze-out temperature
is used to constrain the boundary conditions for the
hydro dynamical evolution. For example, the electro-
magnetic spectra, which gives the information of initial
temperature(Ti) or energy density(ǫi) of hot dense QGP
system, are evaluated using hydrodynamics and/or trans-
port model which needs the accurate information of the
kinetic as well as chemical freeze-out temperatures. In
many hybrid-model calculations, transport approach is
employed at transition temperature Tc assuming a com-
mon chemical freeze-out for all species. Considering these
pertinent issues, a thorough investigation is required to
study freeze out dynamics which can provide temperature
domain of hydrodynamic description accurately.
Hence it is highly important to investigate the freeze-out
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FIG. 1. (left panel) Temperature as a function of time and (right panel) dT/dt as a function of temperature, for Bjorken (BJ)
flow and Hubble-like (HB) flow. The initial temperature is chosen as T0 = 355 MeV at time t0 = 1 fm/c.
dynamics of the system produced in heavy ion collisions.
In this article, we only focus on chemical freeze-out and
discuss it for the strange hadrons K,Λ,Σ. In fact the
chemical freeze-out dynamics is complex in nature due to
the lack of complete understanding of all interactions in
a multi-component hadronic fluid created at RHIC and
LHC. It is really challenging as many inelastic scattering
channels with different threshold energies are to be han-
dled for studying one species. With the fall in temperature
and dilution in density, inelastic channels stop interacting
gradually. Which in fact reminds the continuous nature of
chemical freeze-out processes.
In this work, an attempt has been made to analyse mi-
croscopically the chemical freeze-out scenario of strange
hadrons K,Λ and Σ using momentum integrated Boltz-
mann equation by considering number changing inelastic
processes. We follow the approach as discussed in [30] to
study various species in case of early universe. The scat-
tering rates have been calculated here and compared with
the expansion rates following Bjorken and Hubble like dy-
namics. Then the decoupling of K,Λ and Σ have been
analysed from both these rates. The present calculation
provides a clue whether the assumption of sudden freeze
out at top RHIC and LHC energies is valid or not. This
approach microscopically considers the interaction of vari-
ous channels and species and different from other attempts
made earlier to study freeze out scenario [17–25]. The au-
thor in [17] studied the successive kinetic freeze-out in a
Bjorken type of expansion and in [19] the authors describe
the breakdown of hydrodynamics and freeze-out of parti-
cles through Cooper-Frye prescription with the assump-
tion of sudden transition of particles in the fluid element
of perfect local thermal equilibrium to free streaming once
criterion for kinetic freeze-out is achieved. Author in [24]
discuss about double freeze out scenario (chemical) using
Hadron Resonance Gas model. Sequential freeze out has
also been advocated in [25] using lattice calculation.
In this article, we are dealing only with chemical freeze
out. The study of kinetic freeze out, which happens later,
is more complex to study using transport equation. This
is because, the evolution of momentum distribution is far
more complex than the evolution of particle densities. At
this moment it may be worth to point out that the evolu-
tion of particular species after complete freeze out is sim-
ple: particle number density goes as R−3 and momenta
falls as R−1 keeping the total number fixed, where R is the
system dimension. Since we are dealing with the study of
chemical freeze-out, the equilibrium would mean as chem-
ical equilibrium from the next. We would mention ther-
modynamic or kinetic equilibrium explicitly if phenomena
related to both appears anywhere. Similarly the scattering
here is basically inelastic scattering.
In the next section we give a note on the chemical equi-
librium and freeze-out scenario to set up the problem. In
Sec. III we discuss the dynamics by setting up rate equa-
tion with notations for two component system π, K and
discuss freeze out of K. We follow Ref [30] for the analy-
sis. In section IV, we then study the chemical freeze-out
of K, Λ, Σ. We finally summarize in section V.
II. CHEMICAL EQUILIBRIUM AND
FREEZE-OUT
A system in complete thermodynamic equilib-
rium(chemical,mechanical and kinetic) may remain
in equilibrium forever as long as the system is static and
isolated. If any system consists of multiple species with
some in complete equilibrium and some are not, then the
species which are not in equilibrium would try to achieve
it after certain time depending on their scattering rates.
When a multi-component hot system is not in chemical
equilibrium, then the particles do collide with other par-
ticles of same species and also with those of other species
changing their number till the forward and backward re-
action rates are same and the system achieves chemical
3equilibrium. The numbers in the species get fixed. How-
ever the particles may continue to collide with others, but
elastically, without changing the number. The entire dy-
namics may be described by Boltzmann transport equa-
tion if the system is dilute enough to ignore three and
higher body interactions.
In the above case of chemically un-equilibrated hot-
dense static matter, system relaxes due to inelastic scat-
terings of various channels. But the relaxation processes
become slower in case of expanding system as inter parti-
cle separation increases, thus lowering the scattering rate.
The system can maintain equilibrium till the scattering
rate is equal or more than the expansion rate, otherwise
not. If the equilibrium for a particular species of the multi-
component fluid is concerned, then scattering rate of that
species should be more compared to the rate of expansion.
Following two scenarios may be possible in case of ex-
panding system. Expansion with constant temperature
(external pumping of the particles or temperature) or ex-
pansion with the variation of temperature. The decrease
in temperature with expansion is a largely observed phe-
nomenon for an isolated system. Such scenario is similar
to the evolution of hot-dense matter produced in relativis-
tic heavy ion collisions at RHIC and LHC or the scenario
encountered in the evolution of early universe. Gradu-
ally with increase in time and decrease in temperature,
the scattering rate becomes comparable or less to the ex-
pansion rate and some of the inelastic channels may cease
which marks the beginning of the phenomenon of chemical
freeze-out. When all the processes involving the particles
of one species cease then the freeze out of that species hap-
pens and corresponding temperature is called the chemical
freeze out temperature(Tch for that species. If the temper-
ature and number density in the system is not sufficient
initially then chemically unequilibrated system may start
freezing out without going to equilibrium during expan-
sion.
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FIG. 2. Γ/H as a function of x for Bjorken (BJ) flow and
Hubble-like (HB) flow in pi −K system.
Let’s call the temperature at which chemical freeze-out
of a particular species starts as Tchi i.e., the cease of
first inelastic process with involving the particles of that
species. As time progresses and temperature falls, more
and more inelastic channels stop and mean free path in-
creases gradually. At certain temperature, Tch, all the
inelastic channels stop as the system can’t provide the re-
quired threshold, the mean free path(considering inelastic
cross sections) becomes infinite. That is the Tch of that
species. Hence the entire process of chemical freeze-out
happens in a temperature band Tchi − Tch continuously,
not suddenly at any particular temperature.
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FIG. 3. Numerical solution of Eq.(5) with suitable normaliza-
tion.
Now another question comes vividly, whether all the
species freeze out simultaneously? It is well known that
the continuous processes of freeze out which starts at Tchi
and ends at Tch is different for different species as inter-
actions are different. Hence Tch for different species is
sequential nature. In this work, this particular aspect is
discussed from a microscopic point of view.
Simultaneous or sequential freeze out appears in the
discussion when the fluid is multi-component like the
hadronic systems produced at RHIC and LHC. When we
say, all hadron species freeze out simultaneously at com-
mon Tch, that means the mean free paths of all species
become infinite at that temperature. It may happen in
case the fluid expands suddenly, making number density
of each species very very low. But in general situation of
hadronic matter formed at RHIC and LHC, that probabil-
ity is less. We have shown the results with extreme con-
ditions of expansion following bjorken and hubble like dy-
namics and exclude the possibility of simultaneous freeze
out condition.
The aim of the present study is to understand the dy-
namics of chemical freeze-out of single-strange hadrons
(K, Λ, Σ) from a thermal background provided by non-
strange hadrons (π, ρ, N). This may be extended to un-
derstand the dynamics of other multi strange hadrons.
The assumption of non-strange hadrons providing a ther-
mal background can be justified as follows: the non-
strange hadrons involve pions which are the lightest
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FIG. 4. Different rates appearing in Eqs.(8-11) for BJ case.
hadrons and are produced in large numbers compared to
the strange hadrons. Also, πN cross-sections are usually
larger compared to meson-meson interactions and ρ-meson
is a resonance state in the π π scattering. Hence, the in-
teraction rate among non-strange hadrons, at any time
would be larger compared to strange hadrons so that they
achieve equilibrium faster compared to strange hadrons.
We employ momentum integrated Boltzmann equation or
rate equations to study the dynamics. The details of the
cross-sections, which go as input in the rate equations, can
be found in [26].
After complete chemical freeze-out, the yields of each
particle species do not change. However, the elastic scat-
terings continue, maintaining the kinetic equilibrium till
kinetic freeze-out starts. We do not comment anything
on kinetic freeze-out as this would require to solve the en-
tire Boltzmann transport equation in an expanding back-
ground which we postpone to some future study. In the
next section we discuss a very naive π−K system and the
decoupling of K.
III. piK SYSTEM
We first consider a system of π and K-mesons assuming
nK = nK¯ at all times. The only possible inelastic reac-
tions in such a system are ππ → KK¯ and KK¯ → ππ.
Pion is assumed to provide the thermal back ground and
K is out of equilibrium. Now to analyse the freeze out,
the momentum integrated Boltzmann equation or chemi-
cal rate equation for K can be written following Ref.[30]
as
dnK
dt
+ ΓenK = R
o
pipi→KK¯
npinpi −RoKK¯→pipinKnK¯ (1)
where Γe denotes the expansion rate of the system and
Roab→cd denotes the thermal reaction rate as defined in [27,
29]
Roab→cd ≡ 〈σab→cdvab〉 =
∫
d3p1 d
3p2 f
eq
a (p1) f
eq
b (p2)σ vab
where σ denotes the cross-section for the reaction ab→ cd,
f eqa , f
eq
b denote the equilibrium distributions of a and b
respectively and vab denotes the relative velocity (actually
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FIG. 5. Different rates appearing in Eqs.(8-11) for HB case.
Møller velocity) and is given by
v =
√
(pa.pb)2 −m2am2b
EaEb
p,m and E are the momentum, mass and energy of the
interacting particles. If we assume classical Boltzmann
statistics for all the particles then the thermal reaction
rate can be written as [29]
Roab→cd(T ) =
Tgagb
32π4neqa (T )n
eq
b (T )
∫
∞
s0
ds [s− (ma +mb)2][s− (ma −mb)2] σ(s)√
s
K1(
√
s/T ) (2)
where
√
s0 = max(ma +mb,mc +md). In absence of the
expansion term, equilibrium condition demands that we
must have
Ro
pipi→KK¯
neqpi n
eq
pi = R
o
KK¯→pipi
neqKn
eq
K¯
and since we assume π’s to be always in equilibrium, hence
the rate equation becomes
dnK
dt
+ ΓenK = R
o
KK¯→pipi
[
neqKn
eq
K¯
− nKnK¯
]
(3)
This equation is valid for both static and expanding
system. However, for expanding system the temperature
changes along with system dimension as time progresses.
To take care of that, both Bjorken and Hubble-like ex-
pansion have been considered. For Bjorken flow, the fluid
4-velocity is given as
uµ =
t
τ
(
1, 0, 0,
z
t
)
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FIG. 6. Numerical solution of Eqs.(8-11) (left panel) BJ case and (right panel) HB case
with τ =
√
t2 − z2, one gets the expansion rate
ΓBe =
1
τ
and for Hubble-like flow, the fluid velocity
uµ =
t
τ
(
1,
x
t
,
y
t
,
z
t
)
with τ =
√
t2 − x2 − y2 − z2. This leads to the expansion
rate
ΓHe =
3
τ
If the emission is homogeneous and isotropic, then we can
set x = y = z = 0 and get
Γe =
{
1/t Bjorken flow (BJ)
3/t Hubble-like flow (HB)
Both dynamics provide the extreme conditions of expan-
sion for a hadronic system. Bjorken describes the slowest
whereas Hubble describes the fastest expansion.
Following [30], we now define YK = nK/s, where s is
the entropy density, to scale out the effect of expansion
and x = mpi/T which is a dimensionless quantity. If total
entropy is conserved, then we have
dnK
dt
+ ΓenK = s Y˙K
where, Γe = − 1s dsdt . Similarly,
Y˙K =
dx
dt
dYK
dx
= −mpi
T 2
(
dT
dt
)
dYK
dx
= − x
2
mpi
(
dT
dt
)
dYK
dx
Hence the rate equation becomes
dYK
dx
= −mpi
s x2
(
dT
dt
)
−1
Ro
KK¯→pipi
[
neqKn
eq
K¯
− nKnK¯
]
(4)
can also be simplified to
dYK
dx
= −mpi s
x2
(
dT
dt
)
−1
Ro
KK¯→pipi
[
Y eqK Y
eq
K¯
− YKYK¯
]
(5)
Now to solve the above equation, we need dT
dt
. Since we
have assumed total entropy to be conserved, dT
dt
can be
obtained by solving the following equation
ds
dt
+ Γes = 0 (6)
Now s is a function of T only. We use the parametrization
obtained from Lattice QCD calculation to obtain s as a
function of T and consequently obtain dT
dt
. The solution
for T and dT
dt
, after solving Eq.(6), are shown in Fig.(1) as
a function of time and temperature respectively.
Having obtained a model for dT
dt
, we can now solve
Eq.(5). But before coming to the result, we write Eq.(5)
in a compact form as follows [30]:
x
Y eqK
dYK
dx
=
neq
K¯
Ro
KK¯→pipi(
1
T
dT
dt
) [ YKYK¯
Y eqK Y
eq
K¯
− 1
]
= − Γ
H
[
YKYK¯
Y eqK Y
eq
K¯
− 1
]
(7)
where Γ = neq
K¯
Ro
KK¯→pipi
denotes the scattering rate, ba-
sically here, the rate at which kaons annihilate to pions
and H =
∣∣∣∣ 1T dTdt
∣∣∣∣ denotes the rate at which system cools.
The rate equation Eq.7 suggests that the scattering rate
Γ drives the system towards equilibrium whereas H op-
poses the approach towards equilibrium. The ratio Γ/H
for π −K system is shown in Fig.(2).
The numerical solution of Eq.(5) is shown in Fig.(3) for
both BJ and HB cases. The evolution starts at T ≈ Tc =
155 MeV or xc = mpi/Tc and the evolution is carried out
for a longer time till system has x = 3.85 (equivalently T ≈
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FIG. 7. Numerical solution of Eqs.(8-11) with suitable normalization.
36 MeV). The initial number density of kaon is chosen
to be the equilibium value at Tc i.e. n0 ≡ neq(Tc), the
reason for this choice is to find that if the system formed
in equilibrium at Tc, then at what time does it fall out-of-
equilibium.
As soon as the evolution starts, the expansion drives
the system out-of-equilibium. For the BJ case, however,
the ratio Γ/H is greater than 1 in the beginning so that
Γ manages to keep the system close to equilibium. After
some time, as Γ decreases, Y eqK also decreases exponen-
tially, then the system fails to follow the equilibium curve
and goes away from equilibium. However, it can be seen
from Fig.3 that for the BJ case, the net yield changes
slowly and take a longer time for the freeze out process.
This is because of the slow expansion in case of Bjorken-
dynamics.
On the other hand, for the HB case, the cooling rate is
much faster. The scattering rate, Γ becomes lower much
earlier than the BJ case compared to expansion rate. Fur-
ther decrease in scattering rate and with increase in sys-
tem dimension kaon leads to chemical freeze out where
yield gets frozen. Freeze out temperature is close to Tc.
IV. piK ρN Λ,Σ SYSTEM
Now we consider a system consisting of
π, K, K¯, ρ, N, Λ,Σ. We assume that the non-strange
particles (π, ρ, N) provide a thermal background till the
time of the freeze-out of the strange hadrons (K, K¯, Λ,Σ).
Considering all possible inelastic reactions and following
the notations of the previous section, the evolution
equations for K, K¯,Λ and Σ can be written as
8x
Y eqK
dYK
dx
= −Γ
(K)
K¯
H
[
YKYK¯
Y eqK Y
eq
K¯
− 1
]
− Γ
(K)
Λ
H
[
YKYΛ
Y eqK Y
eq
Λ
− 1
]
− Γ
(K)
Σ
H
[
YKYΣ
Y eqK Y
eq
Σ
− 1
]
(8)
x
Y eq
K¯
dYK¯
dx
= −Γ
(K¯)
K
H
[
YK¯YK
Y eq
K¯
Y eqK
− 1
]
− Γ
(K¯)
Λ
H
[
YK¯
Y eq
K¯
− YΛ
Y eqΛ
]
− Γ
(K¯)
Σ
H
[
YK¯
Y eq
K¯
− YΣ
Y eqΣ
]
(9)
x
Y eqΛ
dYΛ
dx
= −Γ
(Λ)
K
H
[
YΛYK
Y eqΛ Y
eq
K
− 1
]
− Γ
(Λ)
K¯
H
[
YΛ
Y eqΛ
− YK¯
Y eq
K¯
]
− Γ
(Λ)
Λ
H
[
(YΛ)
2
(Y eqΛ )
2 − 1
]
(10)
x
Y eqΣ
dYΣ
dx
= −Γ
(Σ)
K
H
[
YΣYK
Y eqΣ Y
eq
K
− 1
]
− Γ
(Σ)
K¯
H
[
YΣ
Y eqΣ
− YK¯
Y eq
K¯
]
− Γ
(Σ)
Σ
H
[
(YΣ)
2
(Y eqΣ )
2 − 1
]
(11)
the scattering rates of various channels contributing to the
net productions are defined as follows.
Γ
(K)
K¯
= neq
K¯
[
Ro
KK¯→pipi
+Ro
KK¯→piρ
+Ro
KK¯→ρρ
+Ro
KK¯→pp¯
]
Γ
(K)
Λ = n
eq
Λ
[
RoKΛ→piN +R
o
KΛ→ρN
]
Γ
(K)
Σ = n
eq
Σ R
o
KΣ→piN
Γ
(K¯)
K = n
eq
K
[
Ro
KK¯→pipi
+Ro
KK¯→piρ
+Ro
KK¯→ρρ
+Ro
KK¯→pp¯
]
Γ
(K¯)
Λ = n
eq
NR
o
K¯N→Λpi
Γ
(K¯)
Σ = n
eq
NR
o
K¯N→Σpi
Γ
(Λ)
K = n
eq
K
[
RoΛK→piN +R
o
ΛK→ρN
]
Γ
(Λ)
K¯
= neqpi R
o
Λpi→K¯N
Γ
(Λ)
Λ = n
eq
Λ R
o
ΛΛ→pp¯
Γ
(Σ)
K = n
eq
KR
o
ΣK→piN
Γ
(Σ)
K¯
= neqpi R
o
Σpi→K¯N
Γ
(Σ)
Σ = n
eq
Σ R
o
ΣΣ¯→pp¯
The above rates are plotted in Figs.4 &5. The cross sec-
tions for various hadronic processes producing hyperons
and strange mesons are already mentioned in [26]. The
cross-sections of all inverse reactions are obtained using
principle of detailed balance as follows
σf→i =
pi
2
pf 2
gi
gf
σi→f (12)
where pi, pf are the center of mass momenta and gi, gf
are the total degeneracies of the initial and final channels.
It can be observed that the ratio Γ/H is different for dif-
ferent channels. As a result, different channels will freeze-
out at different temperatures.
Now we solve the coupled differential equations Eqs.(8-
11) numerically. The evolution starts at T ≈ Tc =
155 MeV or xc = mpi/Tc. The initial number densities
are chosen as the equilibium values at Tc i.e. n
(0)
K ≡
neqK (Tc), n
(0)
K¯
≡ neq
K¯
(Tc), n
(0)
Λ ≡ neqΛ (Tc), n(0)Σ ≡ neqΣ (Tc).
The numerical solution is shown in the left and right panel
of Fig.(6) for the BJ case and HB case respectively and
also in Fig.(7). For the BJ case, K and K¯ decouple at
later time (or lower temperature) whereas Λ and Σ de-
couple earlier (or higher temperature). For the HB case,
since the expansion rate is larger, all channels freeze-out
as soon as the evolution starts so that the yields of all the
particles are fixed at T ≈ Tc (the yield however changes
by about 2% for K, K¯ and about 6% for Λ,Σ), hence the
chemical freeze-out temperature for all is Tch ≈ Tc. But if
one observes the value of yield of different species are fixed
at different temperatures although close to Tc. Again it
is prominent if one starts with initial densities little away
from equilibrium values.
V. SUMMARY AND CONCLUSIONS
Hydrodynamics along with transport approach provide
a good description of matter created at top RHIC and
LHC energies. To infer the accurate properties, it is im-
portant to know the chemical(Tch) and kinetic (Tk) freeze
out temperatures when various particle species decouple
chemically and kinetically from the system.
In this article we have done a microscopic analysis for
the chemical freeze-out of single strange hadrons K,Λ and
Σ. Momentum integrated Boltzmann equation or rate
equation has been employed to study the nature of chem-
ical freeze out of these hadrons considering both slowest
and fastest expansion dynamics. First the freeze out of
kaons in a π − K expanding system is studied by com-
paring the scattering and expansion rate. It has been
observed that kaon freeze out takes a longer time when
the system obeys Bjorken dynamics compared to Hubble-
like expnasion. In case of Hubble expansion, kaon yield is
freezed and the particles decouple chemically near about
Tc when the system starts evolving with initial equilib-
rium kaon density at Tc. The same calculation has been
extended to study the K,Λ and Σ freeze out in a system
with π, ρ,K, K¯,N,Λ,Σ as constituents. Similar observa-
tion of late freeze out for these strange hadrons is obtained
in case of Bjorken expansion. However, in case of Hub-
ble like expnasion the strange hadrons freeze out near Tc
when hadronic system starts with initial equilibrium den-
9sity from Tc and evolves further.
It appears that all the strange hadrons do freeze out near
Tc which is like simultaneous freeze out of different species.
For faster expansion (here HB case), which is more realistic
for the late stages of the fireball formed at RHIC and LHC,
that the relaxation rates are much smaller compared to
expansion rate right from the beginning which leads to
the conclusion that the chemical freeze-out temperature is
Tc. This is true for Kaon, Lambda and Sigma.
However, the ratios of scattering rate of strange species
to expansion rate of the system suggests that the chem-
ical freeze out is not simultaneous rather sequential. If
the strange hadrons are evolved with initial densities away
from equilibrium, then it distinguishes different freeze out
temperatures for different species. Any realistic calcula-
tion would have the expnasion in between these two dy-
namics. The freeze out process for any particular species
is a continuous one, which starts at a temperature Tchi
and ends at Tch.
Whatever we have discussed is for chemical freeze out
as study of kinetic freeze out is more complex using Boltz-
mann equation where the momentum distribution has to
be evolved.
Simultaneous or sequential freeze out are discussed
while dealing with multi component fluid like the hadronic
systems produced at top RHIC and LHC energies. If all
hadron species freeze out simultaneously at a common
temperature then we can have simultaneous freeze out or
common universal freeze out temperature, as suggested by
Heinz [21] where mean free paths of all species become in-
finite. It may only happen in case the fluid expands sud-
denly, making number density of each species very very
low.
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